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Abstract
For many types of seaweeds in Polar Regions, open questions remain about how their life cycle contributes to their overall 
adaptation to the extreme abiotic environment. This applies in particular to the major canopy-forming brown algae in much 
of the Antarctic Peninsula of the genus Desmarestia, which was investigated here. Diving surveys around Rothera Research 
Station (Adelaide Island, Antarctica) during December 2017–February 2018 revealed the widespread presence of a hitherto-
unknown life form of Desmarestia sp. of a tender, feather-like morphology. Further studies explored whether this could 
be (1) a new, hitherto undescribed Desmarestia species (2) a new record for the region of a known Desmarestia species 
previously recorded elsewhere or (3) a so-far unknown life form of a species recorded for the region. Collections enabled 
the extraction of PCR-friendly DNA and sequencing of ITS1, which unambiguously showed that the samples belonged to 
Desmarestia menziesii, the only Desmarestia species presently recorded for the Adelaide Island/Marguerite Bay region. 
The presence of the juvenile morphology was subsequently confirmed throughout much of the natural range of D. menziesii 
during cruise-based diving surveys along the Western Antarctic Peninsula in 2019 and from collections at Anvers Island 
in 1989. Our collections thus constitute its juvenile morphology, which is not previously documented in the literature. The 
wider significance for the Polar seaweeds is discussed in the context of Taxonomy and Ecology.
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Introduction
The Antarctic has some of the most extreme environments 
on planet Earth. Its marine environment is characterized by 
low temperatures rarely exceeding the range of − 1.8–2 °C 
(Barnes et al. 2006). Compared to the sub-Antarctic region, 
the Antarctic is generally considered depauperate in terms 
of seaweed species diversity (Wiencke and Clayton 2002). 
Pioneering studies of Antarctic seaweed biodiversity, tax-
onomy and biogeography were conducted over a century 
ago by Skottsberg (Skottsberg 1907), with a recent synop-
sis provided by Wiencke and Clayton (2002). Adaptations 
of polar seaweeds enable them to survive at temperatures 
around freezing, and during months of darkness in winter 
(Wiencke et al. 2009). Contrasting with tropical and temper-
ate bioregions, Polar Regions typically show an intertidal 
zone which is almost devoid of macroalgae. The reason for 
this are the extreme environmental conditions in the inter-
tidal zone—where temperature extremes range from − 50 
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to + 5 °C (Peck et al. 2006; Waller et al. 2006), compounded 
by strong impacts of sea ice abrasion (Barnes and Souster 
2011; Barnes et al. 2014), and the encasing of the intertidal 
by fast ice in the winter in all continental localities and year 
round in over 80% of the continent (Peck 2018). It is remark-
able that the Antarctic phytobenthos has no representatives 
of the kelps (Laminariales), which occur in the Arctic and 
all cold-temperate bioregions worldwide. Their ecological 
niche and role, as providers of canopy, are mostly replaced 
by members of the Desmarestiales (Moe and Silva 1977), 
which were found to originate from cold waters of the south-
ern hemisphere (Peters et al. 1997).
The northernmost parts of Antarctica—in particular, the 
South Shetland Islands, Anvers Island and the tip of the 
Antarctic Peninsula—are home to six Desmarestiales spe-
cies, namely, D. anceps Montagne, D. antarctica R.L. Moe 
& P.C. Silva, D. confervoides (Bory) M. Ramirez & A.F. 
Peters and D. menziesii J. Agardh, as well as Himantothallus 
grandifolius (A. & E. Gepp) Zinova and Phaeurus antarcti-
cus Skottsberg. In contrast, the region of Adelaide Island 
and Marguerite Bay, about 500 km further south along the 
Antarctic Peninsula, is impoverished in many aspects of its 
marine flora. Poorly surveyed in this regard until recently, an 
inventory of its seaweed diversity was published only a few 
years ago (Mystikou et al. 2014). In this region, D. menziesii 
is the major canopy-forming species in the depth range of 
around 5–20 m, and the only Desmarestia species recorded.
The present study was triggered when a sample collected 
in late December 2017 appeared to be a hitherto-unrecorded 
Desmarestia species for this area, which had not been cap-
tured by the survey 7 years earlier (Mystikou et al. 2014). 
Given that it could not be identified morphologically with 
the existing literature for Antarctic seaweeds (Wiencke and 
Clayton 2002), the following hypotheses were tested within 
the framework of this study: (1) Is this a native, novel spe-
cies, for some reason missed by the previous survey (Mys-
tikou et al. 2014)? (2) Could it be a new arrival for the area, 
e.g. either due to climate change-linked poleward migration, 
or an alien species? and (3) Could it be another life form of 
a known species for the area?
Materials and methods
Algae were collected by SCUBA diving in the vicinity of 
Rothera Research Station, Adelaide Island, between Dec. 
2017 and February 2018. Dive sites surveyed and details of 
the dives are displayed in Fig. 1a and listed in Supplemen-
tary Table 1, respectively.
Immediately following each day of diving, herbarium 
specimens were prepared by mounting seaweed thalli on 
Bristol paper. They were deposited in the herbarium of the 
British Museum – Natural History (BM), British Antarc-
tic Survey (BAS, Cambridge, UK) and Muséum National 
Fig. 1  Map of the study area with the dive sites. a The vicinity of 
Rothera Research Station surveyed in January 2018; b The sites along 
the Western Antarctic Peninsula surveyed in April 2019. The small 
square on Adelaide Island indicates the location of the map in Fig. 1a. 
Red dots are dive sites and the open black square is Rothera Research 
Station. Source: Map produced by the British Antarctic Survey Map-
ping and Geographic Information Centre
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d’Histoire Naturelle – Cryptogamie (PC). Fragments of all 
specimens were kept in silica crystals or 96% ethanol, both 
of which conserve DNA for further molecular studies.
The diving work at Rothera was complemented by cruise-
based diving surveys in April and May 2019 at 15 sites along 
the Western Antarctic Peninsula ranging from the Terra 
Firma Islands in Marguerite Bay (S 68° 41.5′, W 067° 31.6′) 
to the Joubin Islands west of southern Anvers Island (S 64° 
46.4′, W 064° 22.2′). Subsequently, we examined voucher 
material collected from several other small islands off south-
ern Anvers Island in 1989 (Amsler et al. 1995). Dive sites 
surveyed and details of the dives are displayed in Fig. 1b and 
listed in Supplementary Table 1, respectively.
DNA was extracted on samples # 180118-1.1 and # 
180118-1.2 using CTAB buffer as described previously 
(Gachon et al. 2009). Polymerase chain reactions (PCR) 
were employed to amplify a fragment of the nuclear riboso-
mal DNA containing 3′-SSU, ITS1, and partial 5.8S, using 
the primer pair ITS1/KIR1, ITS1 (5′ TCC GTA GGT GAA 
CCT GCG G 3′; White et al. 1990)) and K1R1 (5′ TTC AAA 
GTT TTG ATG ATT 3′; Lane et al. 2006). PCR was carried 
out with an initial denaturation at 94 °C for 3 min, followed 
by 35 cycles of amplification consisting of denaturation 
at 94 °C for 30 s, annealing at 50 °C for 30 s, and then 
elongation at 72 °C for 1 min. The 35 cycles were followed 
by a final extension at 72 °C for 5 min. PCR amplification 
was performed in a total volume of 25 μL, containing 0.25 
units μL−1 of Taq DNA Polymerase (Promega), 1 × GoTaq 
Buffer, 5 mM  MgCl2, 0.5 mM dNTPs, 0.3 mM of each 
primer and 1.7 μL of template DNA. The DNA sequence 
obtained was aligned manually with Se–Al™ v2.0a11 
(Sequencing Alignment Editor Version 2.0 alpha 11; https 
://tree.bio.ed.ac.uk/softw are/seal/) and meticulously checked 
for correctness by inspecting the chromatograms.
Identification of herbarium specimens, and live field 
material was attempted using available keys, in particular 
that of Wiencke and Clayton (2002). For present-day taxo-
nomic and nomenclatural aspects, AlgaeBase (Guiry and 
Guiry 2018) was consulted.
Furthermore, the collections of the British Museum-
Natural History (BM), of the Muséum National d’Histoire 
Naturelle – Cryptogamie (PC), and of the University of 
California, Berkeley (UC) were searched for any specimens 
from the Antarctic labelled as Desmarestia menziesii, or cor-
responding to the morphology (but possibly labelled under 
different taxonomic names) described here.
Results
An unknown Desmarestia sp., initially found during a dive 
at the Biscoe Wharf, was subsequently observed at most 
sites surveyed (Table S1; Figs. 2 and 3). It intrigued the 
investigators by its regular pinnate (feathery) appearance 
with opposite laterals, which did not appear in accordance 
with the more irregular branching in adult D. menziesii. The 
morphology rather resembled juvenile D. anceps Montagne 
(Wiencke et al. 1996), which had not been reported from the 
Adelaide Island area.
Since it was impossible to identify it using keys based 
on morphology-based criteria (in particular, Wiencke and 
Clayton 2002), a molecular approach, relying on sequenc-
ing ITS1 (Internal Transcribed Spacer 1) was chosen. A 
partial sequence was obtained (MK506123) and aligned 
with ITS1 sequences of other Desmarestia species (Gen-
bank accession number MK506123; Suppl. Fig. S1). It 
showed 100% identity with D. menziesii from King George 
Island, obtained from a male gametophyte isolated in 1986 
(accessions Z84448 and HE866886) and a public sequence 
identified only to genus (accession MF419243), also from 
King George Island, and high similarity with adult D. men-
ziesii collected at Candlemas Island in 1998 (AJ243781; 
two indels which could have been misreadings in manually 
sequenced AJ243781). Other Desmarestia species were 
Fig. 2  Desmarestia menziesii from the sublittoral in the vicinity of 
Rothera Point, Adelaide Island. The juvenile form described here a 
Macrophotograph in the laboratory; b, c, e, and g in situ in the sublit-
toral. For comparison, d, f the perennial form in  situ with the mor-
phology so far described in the literature
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more different. The sequence of sub-Antarctic D. chorda-
lis (HE866859) differed by two C-T substitutions, and the 
sequences of Antarctic D. anceps and D. antarctica were 
evidently more different (Supplementary Fig. S1).
Subsequently, a survey of 15 sites between Marguerite 
Bay and southern Anvers Island recorded the typical mor-
phology of D. menziesii from the southernmost end of the 
survey (Terra Firma Islands) and two other sites in Margue-
rite Bay but did not observe the feathery form there. The 
Fig. 3  Herbarium specimens of 
Desmarestia menziesii originat-
ing from this study deposited 
at PC. a Juvenile and b adult 
morphology
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feathery form was observed at the South Saffery Islands (S 
66° 05.4′) and four other sites between there and southern 
Anvers Island (Fig. 1b; Table S1). At the South Saffery Is. 
site, the typical D. menziesii was observed at a depth ranging 
from 5 to 12 m depth range with the smaller feathery form 
seen only at a depth range from 15 to 30 m. However, at 
other sites, the feathery form and normal forms of D. men-
ziesii and/or D. anceps were found throughout the 5–35-m 
depth range surveyed.
A search of BM and PC did not uncover any specimens 
corresponding to the morphology of the Desmarestia found 
at Rothera. However, a search of the UC Herbarium revealed 
five specimens that correspond to the juvenile morphology 
(UC 1,571,530, 1,571,531, 1,571,533 and 1,571,534 from 
Arthur Harbor, Anvers Island; 1,571,532 from Lavebrua 
Island, Deception Island). Interestingly, they are labelled 
“D. menziesii”, but this morphology has not been described 
anywhere (R.L. Moe, personal communication). A subse-
quent search of voucher material in the personal herbarium 
of C.D. Amsler from a March–April 1989 survey at several 
sites off Anvers Island (Amsler et al. 1995) revealed multiple 
individuals with the juvenile morphology. These were col-
lected throughout the 2–20-m depth range surveyed in the 
study along with the typical morphological forms of both D. 
menziesii and D. anceps.
Discussion
The juvenile form of D. menziesii described in this paper 
was identified using a partial ITS1 sequence (MK506123) 
aligned with published sequences. For this marker, numer-
ous sequences from other Desmarestiales, including all other 
Desmarestia species known from Antarctica, had previously 
been obtained (van Oppen et al. 1993; Peters et al. 1997; 
Yang et al. 2014). The sequence of a highly variable part of 
the barcode marker ITS1 obtained from the unknown entity 
collected during the diving surveys around Rothera corre-
sponds unambiguously to that of D. menziesii from King 
George Island. Beyond any doubt, this supports the con-
clusion that the previously unknown entity described here, 
which we collected at Rothera, is not a new species or a 
new record of another known Desmarestia species occur-
ring elsewhere in the Antarctic, but a hitherto-unknown life 
form of a very common Southern Ocean seaweed. Indeed 
D. menziesii is of one of the major canopy-forming seaweeds 
in Antarctic waters. The small size of our specimens and 
clear early-stage colonization in the majority of cases makes 
it reasonable to conclude that the morphology of this entity 
is a juvenile form of D. menziesii (Fig. 3a for herbarium 
specimens), and that the established wiry morphology of D. 
menziesii as it is described in the literature corresponds to 
the adult/perennial form. This latter adult wiry morphology 
occurs widely in the D. menziesii canopy around Rothera 
(Fig. 2 in situ; Fig. 3b for a herbarium specimen).
In culture, juvenile D. menziesii sporophytes with oppo-
site and alternate laterals have been observed (Wiencke et al. 
1995). However, one-level intercalary meristems have never 
been seen in both opposite laterals (Wiencke, personal com-
munication). An intercalary meristem developed in one of 
the opposite laterals only, not in both. The other opposite 
lateral degenerated and later vanished (Wiencke, personal 
communication).
A search of BM and PC did not uncover any specimens 
corresponding to the morphology described here for our 
field samples, yet a search in UC uncovered five specimens 
of this morphology. All specimens held in BM and PC and 
labelled “D. menziesii” have the known, wiry morphology, 
likely belonging to the perennial adult form (Fig. 3b), sug-
gesting that previous investigations have missed the juvenile 
form, and live cultures do not seem to have been raised to 
this size yet.
In this context, it has to be mentioned that there seems 
to be some uncertainty attached to the application of the 
name D. menziesii. When providing the initial description, 
J. Agardh (Agardh 1848) stated that it was based on speci-
mens collected by Menzies in the South Shetland Islands 
and by Bory in Concepción, Chile. But Menzies had retired 
from the Navy long before the South Shetland Islands were 
discovered, and it is unlikely that the same species of Des-
marestia occurs in temperate Chile and the high Antarctic 
(R. L. Moe, pers. comm.). The species collected by Bory at 
Concepción is D. confervoides.
The reasons for the strong dimorphism within D. men-
ziesii and other Antarctic Desmarestia species remain 
unknown at present, but a plausible hypothesis is that the 
samples with a seemingly novel morphology is the juvenile 
form, appearing briefly before spending winter under sea 
ice, while the entity with the well-documented morphology 
in the literature (Wiencke and Clayton 2002) is the long-
lived, perennial form. This is consistent with the specimens 
collected in 1989 and 2019, all of which were from late 
in the growing season (March to May) when young plants 
might be expected to become apparent. This is also a time 
when relatively few scientists make diving collections 
along the WAP, which may explain why the morphology 
has been rarely seen and never before documented in the 
literature. Indeed, survival during prolonged periods under 
sea ice, possibly in combination with ice abrasion and at 
least potential intense herbivory, may be a strong factor 
resulting in a more sturdy morphology in certain polar sea-
weeds. A few analogous cases are known. The first is that of 
Desmarestia chordalis J.D.Hooker & Harvey, where juve-
nile individuals were described under the name D. rossii 
J.D.Hooker & Harvey (Reviers unpublished observations in 
Kerguelen Islands, 1977; Fischer et al. 1987; Ricker 1987). 
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The juvenile sporophytes of D. menziesii resemble juvenile 
sporophytes of D. anceps, which may be a typical feature of 
field material (Wiencke et al. 1996). Another one is that of 
the Arctic Platysiphon glacialis (Kawai et al. 2015), replac-
ing two previously separately described entities: Platysiphon 
verticillatus R.T. Wilce and Platyarcticus glacialis (Rosenv-
inge) R.T.Wilce & P.M.Pedersen.
The description here of a newly reported juvenile mor-
phology of D. menziesii has wider implications for under-
standing the recruitment of canopy-forming seaweed com-
munities in Antarctica, and we can only conjecture as to how 
many more examples there may be of undescribed juvenile 
forms of Antarctic macroalgae. Given the extreme variations 
in open water and ice scour from year to year and from place 
to place and given the difficulty of longitudinal observation 
in the Antarctic, environmental sequencing might reveal 
cryptic diversity in the form of endophytic or endozooic 
stages. Further, significant questions in this context are 
whether the gametophytes have special requirements, and 
whether they are long lived and were present even where no 
sporophytes are found.
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